The female of Haplostoma banyulensis (Brément, 1909) is redescribed on the basis of specimens parasitizing the compound ascidian Trididemnum tenerum (Verrill) at Strangford Lough, Northern Ireland. It is shown to have a mandible, which was not reported in the original description or in succeeding studies. This species can be distinguished from its 10 congeners of subgroup 1 of Haplostoma by the following characteristics: labrum with six distinct processes subequally spaced; legs 1-4 exopods with armature formula 5,4,5,5; leg 4 with longest exopod; copulatory organs including two copulatory pores and two seminal receptacles; and subcylindrical caudal ramus with three spinal elements on terminal margin.
described the female Aplostoma banyulensis on the basis of five specimens (1.3 mm long) living in a Leptoclinum closely resembling L. maculosum Milne Edwards (¼ Didemnum maculosum (Milne Edwards)), from Port-Vendres (French Mediterranean coast). Later, this copepod was designated as Haplostoma banyulensis (Brément, 1909) by Chatton and Harant (1924) . Ooishi and Illg (1977) listed synonymies of H. banyulensis in their paper concerning the subfamily Haplostomatinae (Ascidicolidae). Brément (1909) characterized H. banyulensis by many morphological features of appendages and other structures. However, it is apparent that most of the appendages (except for antennae) and genitalia in the original paper were inadequately studied. In his interpretation of the appendages in the oral area, the mandible is lacking but the maxilliped is present. His illustration of the cephalosome shows no mouthparts. Chatton and Brément (1910) emphasized this and provided two illustrations; one of them (body form) was new for H. banyulensis. Gotto (1952) was the first to record the occurrence of specimens of H. banyulensis, living exclusively in Trididemnum tenerum (Aplousobranchia: Didemnidae) at Strangford Lough (Irish Sea), as new to the British fauna. In his book (1993) on parasitic copepods, he also gave a short account of this species with a few illustrations (body form, legs 4 and 5) based on his own specimens. He noted that the maxillipeds are the only recognizable appendages in the oral area. This agrees with Brément's description.
During my study of Haplostoma dudleyae, I perceived that H. dudleyae might be the first species of Haplostoma to be described as lacking a mandible and maxilla. These appendages, however, are visible as vestigial structures in scanning electron micrographs (see Ooishi, 1998) . I questioned whether a mandible is truly lacking in H. banyulensis, because this species, in having simple spines on the antenna and legs, resembles most other species of Haplostoma, all of which possess a mandible and a few of which also have a maxilla; the maxillule is absent in all species of Haplostoma (see Ooishi and Illg, 1977) . Thus, it was necessary to re-examine H. banyulensis and also to describe H. dudleyae, whose spinal armature differs from that of most other species of Haplostoma.
Through the courtesy of Dr. G. Boxshall of the Natural History Museum, London, I was able to examine specimens of H. banyulensis sent to me in 1995. In the same year, Dr. R. V. Gotto of the Queen's University of Belfast also helped me by providing his permanent slide of an intact specimen of H. banyulensis. In these specimens, I was able to see that a mandible was present. The existence of a mandible in H. banyulensis was therefore noted in my description (Ooishi, 1998) of H. dudleyae. In the same description, H. banyulensis was assigned to the subgroup of Haplostoma that includes the majority of species; H. dudleyae was placed in another subgroup (see the Discussion for details).
The present paper, based on the specimens on loan, confirms that H. banyulensis possesses a mandible, with armature, in addition to a maxilliped. The morphology of other appendages and structures presented in previous studies is also emended here.
MATERIALS AND METHODS
Four female specimens of H. banyulensis, with a data sheet, on loan from the Natural History Museum, London, were examined for the present redescription. I noticed that the ascidian host (Trididemnum tenerum) and locality (Strangford Lough) corresponded to data for H. banyulensis reported by Gotto (1952) . Through a personal communication (2002) with Dr. Gotto, I confirmed that the specimens sent to me from the museum had been collected, identified, and deposited by him.
A macrophotograph of the body form ( Fig. 1 ) was taken of a female specimen (with only left egg sac) in 70% ethanol. The same intact specimen was immersed in lactic acid (with a slight amount of methylene blue) and also used for making drawings of the body form (Fig. 2) . One of the remaining specimens (of similar size) was similarly immersed in lactic acid and used for dissection and for making measurements, drawings (Figs. 3, 4) , and photomicrographs (Fig. 5 ). Drawings were made with the aid of a camera lucida.
In the armature formula for legs 1-4, the total number of spines (Roman numerals) is given first and connected by a dash with the number of setae (Arabic numerals) in each leg; the total number (T) of these elements is given in parentheses.
Abbreviations used are: Chatton and Brément (1910, lateral) and also by Gotto (1993, ventral) .) Cephalosome (Fig. 2a) somewhat wider than long. Dorsal cephalic sclerite (Fig. 3a) subtriangular, with unsclerotized portion posterocentrally. Rostrum (Fig. 3b, c) slightly protruded anteroventrally; semicircular ventral margin ( Fig. 3d ) with row of 6 minute denticles on each side. Appendages (Fig. 3b, c) comprising antennules, antennae, mandibles, and maxillipeds; maxillules absent, and maxillae not visible (probably vestigial).
Metasome ( Fig. 2a-c) consisting of 5 segments. First to third segments distinct. Fourth and fifth segments fused dorsally and forming longest fourth section; demarcation between fourth (longer) and fifth (shorter) segments visible only midventrally (Fig. 2c) . Greatest width about 0.37 mm in fourth segment. First to fourth segments with modified legs 1-4; legs of each pair widely spaced, without intercoxal sclerite, and located at about midlevel of segment. Posterolateral corners of fourth section protruded into subtriangular lobes, these corresponding to lateral extensions of actual fifth segment and representing modified fifth legs.
Urosome (Fig. 2a, c) consisting of 4 segments: widest first segment with 2 gonopores, each dorsolaterally, and copulatory organs midventrally; 2 abdominal segments narrowed posteriorly; and small anal segment (one-fifth as wide as first segment) with caudal rami terminally. Anus opening posterodorsally.
Antennule (Fig. 3d ) lobate, segmentation not distinct. Massive proximal half without armature. Distal half gradually narrowed toward apex and with at least 17 setae; 2 long stout setae on longer (anterior) margin and 15 setae (2 long stout, 7 short stout, 6 slender) around narrowed apical portion.
Antenna (Fig. 3e) 3-segmented; basal segment shortest and depressed; second segment large and slightly longer than narrowed third segment with armature. Armature consisting of 4 simple conical spines (2 medial, 1 subterminal, 1 terminal) along distal half of margin; 2 medial spines slightly smaller than remaining 2 spines (subterminal, terminal).
Labrum (Fig. 3b , f) with 6 distinct processes, subequally spaced, protruded from posterior margin. Two central processes, as long as wide, directed posteriorly. Two slightly smaller lateral processes (on each side) directed posterolaterally; outermost process smallest.
Mandible (Figs. 3g, 5a [arrow], b [arrow]) nearly cylindrical, more than twice as long as wide, with 2 unequal simple setae (short inner, long outer) around distal margin.
Maxilliped (Fig. 3h) consisting of coxa without armature, basis with 2 short simple setae (anterior, posterior) on medial margin, and small endopod of 3 segments. Distal segment of endopod claw-shaped and resembling subchela.
Legs 1-4 ( Fig. 4a-d ) biramous. Protopod represented by oval sclerite (basis) surrounding proximal portion of fused endopod and exopod, bearing 1 simple lateral seta. Endopod pronounced, rounded protrusion from fused basal portion on basis; anterior surface partly sclerotized and with hairlike sensillum; rounded apex with 1 minute setule. In legs 1-4, exopods longer than endopods and increasing in length from leg 1 to leg 4. Thus, exopod of leg 4 longest, twice as long as its endopod (Fig. 4d) . In exopods of legs 1-4, distal one-third of sclerotized lateral margin with armature; 3 (on leg 2) or 4 (on legs 1, 3, 4) simple curved spines and 1 simple seta proximal to spines. Distal 2 spines (subterminal, terminal) larger than remaining spines (1 on leg 2; 2 on legs 1, 3, 4). Armature formula for legs 1-4 as follows: Leg 5 (Fig. 4e) consisting of subtriangular lobe with 3 simple setae (1 proximal, 2 distal) on dorsal side.
In dorsal genital area (Figs. 2a, 4f) , cuticle between gonopores slightly sclerotized and with 2 hairlike sensilla near middle and somewhat posteriorly. Apparatus at gonopore (Fig. 4f) consisting of 2 rows (external, internal) of spines on medial margin of genital operculum. External row with 2 pairs (anterior, posterior) of 2 unequal conical spines (shorter proximal, longer distal); spines of posterior pair longer than those of anterior pair. Proportional lengths for 2 spines (proximal, distal): 1:3 in anterior pair; 1:2 in posterior pair. Distal spine of posterior pair 1.5 times as long as that of anterior pair. Proximal spine of posterior pair articulated at base, but remaining 3 spines without articulation. Internal row with 8 subequal merely conical spines.
In ventral genital area, large ellipsoid depression (Figs. 2c, 4g, 5c ) midventral. Semicircular anterior margin of depression sclerotized and enclosing, inwardly, 2 copulatory pores. Each (left or right) pore opening internally into somewhat banana-shaped (in ventral view) seminal receptacle directed laterally and leading toward genital antrum.
Anal segment (Fig. 4h ) longer than wide, with 2 large mammiform sensilla on dorsal side. Subcylindrical caudal ramus (Figs. 2b, c, 4h ) approximately 1.5 times as long as proximal width and directed ventrolaterally; terminal margin narrowed, truncated. Armature consisting of 1 well-developed simple seta midway on lateral margin and 1 shorter similar seta on distal third of dorsal margin; terminal margin with 1 stout conical spine between 2 much smaller similar elements (inner, outer).
Male.-Unknown.
DISCUSSION
In the description of Haplostoma dudleyae, Ooishi (1998) proposed to divide 13 species of the genus into two subgroups: one with three species that have bifurcate spines on the antenna and legs; the other with 10 species that have simple spines on the same appendages. For convenience, the larger and smaller subgroups of Haplostoma are called subgroups 1 and 2. Haplostoma banyulensis has been placed in subgroup 1 with its nine congeners: H. eruca; H. brevicauda (¼ H. mizoulei); H. gibberum; H. albicatum; H. minutum; H. dentatum; H. setiferum; H. ambiguum; and H. elegans. Subgroup 1 now comprises 11 species, because H. kimi, recently described by Seo and Lee (2001) , can also be placed in the same subgroup. Among the 11 species, H. banyulensis, H. eruca, and H. kimi share the same type of labrum, in which the posterior margin has six distinct processes. However, the shape of the processes is slightly different in the three species. All six processes are well spaced in H. banyulensis, as illustrated in the redescription (Fig. 3f ) and in the original description (Bré-ment, 1909: fig. XII) , whereas in H. eruca, two lateral processes on each side are fused at the base (Ooishi and O'Reilly, 2004: fig. 3d ) or apparently closely spaced in H. kimi (Seo and Lee, 2001: fig. 2A ).
The mandible (with two setae), which had not been recognized by either Brément (1909) or Gotto (1993) , is definitely present in H. banyulensis as shown in this paper (Fig. 5b) . The mandible with two setae can be seen in most of its 10 congeners (including H. eruca and H. kimi) except for a few species which are known to have one or three setae. Brément (1909: 82, fig . XIV) mentioned that exopods of legs 1-4 are equally armed with four spines (three lateral, one terminal). It is obvious that he overlooked one seta proximal to these spines and that he also did not distinguish the exopod of leg 2, which has three spines. Thus, his armature formula has been emended in this paper. Leg 4 with a markedly elongated exopod, as presented in this paper (Fig. 4d) , is identical in morphology to the ones Brément (1909: 82, fig . XIV), Chatton and Brément (1910: 90, fig.  V, 1) , and Gotto (1993: 67, fig. 13C ) illustrated.
The arrangement of 12 spines (two external, in one pair, and 10 internal) of the gonoporal apparatus that Brément (1909: 81, fig . XIII) described and illustrated seems to correspond to that of the same number of spines (four external, in two pairs [anterior, posterior] , and eight internal) shown in this paper (Fig. 4f) . It is apparent that Brément mistakenly interpreted two spines of the anterior pair as internal spines. A similar pattern of spinal armature (four external, in two pairs) can be seen in H. eruca (see Ooishi and O'Reilly, 2004) . Brément (1909: 81) thought that H. banyulensis has a single large semicircular copulatory pore. However, this is not the copulatory pore; it corresponds to the large ellipsoid depression that encloses paired copulatory pores and seminal receptacles, as reported in this paper (Figs. 4g,  5c ).
The shape (long, laterally curved) and armature (two unequal spines at terminal margin) of the caudal ramus, as described by Brément (1909: 83) , apparently conform to those depicted in this paper, although Brément missed two setae (dorsal, lateral) and also one more small outer spine at the terminal margin.
The rostrum, antennule, maxilliped, and leg 5 that Brément (1909: 80-83) inadequately described (without alluding to armature elements) have been emended as shown in this paper (Figs. 3d, h, 4e) .
Haplostoma banyulensis is characterized by the following features: (1) labrum with six distinct processes subequally spaced; (2) legs 1-4 exopods with armature formula 5,4,5,5; (3) leg 4 with longest exopod; (4) copulatory organs including two copulatory pores and two seminal receptacles; and (5) subcylindrical caudal ramus with three spinal elements at terminal margin. The moniliform nature of the egg sacs (Figs. 1,  2b) , as shown in this paper, is in agreement with what Brément (1909: 83) described and what Gotto (1993: fig. 13A ) illustrated.
